Appendix C - Stressor Importance Ranking

September 17, 2007

Table C-1. Stressors, Stressor Effects, and Impact Mechanisms for Delta Smelt

Stressor

Effect on Species

Important Impact Mechanism

Comments

Relationships to
Other Stressors

Citations

Highly Important Stressors

Reduced
food

Starvation, higher
susceptibility to
disease, reduced
reproduction

Can affect larvae, juveniles, and

Kimmerer &

N H . Corbul adults in all locations throughout the Orsi 1996,
on-native species (e.g., Corbula) year, but mostly rearing juveniles Sweetnam
reduce food available to delta smelt .
- e . and adults in western Delta and 1999, Jassby et
by eating/filtering out organics, Suisun Bav durine 1 ducti 1
hytoplankton, and zooplankton LSt Bay dufing fow production al. 2002,
phy 4 : perlods Kimmerer
Certainty: 3 2002a
Increased input
of nutrients and
. ) Widespread stressor throughout organic matter.
gpstrear?l.reieévmr opcelratilons h geographic range, can affect larvae, mayln.(;t. b.eneﬁt
; ampen hig B c(l)ws an r? ucet el juveniles, and adults throughout the |5™¢ ti (1it11)s Jassby et al.
requency an ur:fltlon of seasonal | U .\ sinly in drier vears, rearin removed by |50, "p 0 o
floodplain inundation and 4 y 4 & |swp, cVP, orin- ’ &
b'lP ) 4d juveniles and adults in western Delta Del ’ Y ’ Fish Action
mobi 1zat1ofn an : owns‘iiream - and Suisun Bay when flows are low elta 1ve.r510ns Plan 2007
transport of nutrients ana organic and exports are high or f:ompetltors',
matter Certaintv: 3 or if hydrologic
ertainty: residence time is
too low to utilize
it
Widespread stressor throughout
: geographic range, can affect larvae,
Nutrien’Ls and phgtoplankton and juveniles, and adults throughout the ]2 %%s;}i)e; al..
zoopian d :gonsperOP uCc;c;I(;n ars : yeatr, rearing juveniles and adults in Fi h’A cagic
exporte. y. et andin- western Delta and Suisun Bay when 1sh Action
Delta diversions with water Plan 2007

flows are low and exports are high
Certainty: 3
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Table C-1. Stressors, Stressor Effects, and Impact Mechanisms for Delta Smelt (continued)
Relationships
Stressor Effect on Species Important Impact Mechanism Comments to Other Citations
Stressors
Highly Important Stressors (cont.)
Hydrologic residence time in the
Delta, which affects phytoplankton |Can affect larvae, juveniles, and
S Jassby et al.
and zooplankton production, is adults throughout the year, mostly i
e .. . . 2002, Kimmerer
reduced by the need to maintaina |rearing juveniles and adults in )
. . . . 2002a,b, Pelagic
hydrologic barrier to keep exported | western Delta and Suisun Bay during ) ;
. . Fish Action Plan
water fresh and the use of Delta low production periods 5007

channels for water conveyance to
the SWP and CVP export facilities

Certainty: 3

Mortality of prey species that are
exposed to toxics can occur,
reducing food abundance to delta
smelt

Widespread stressor throughout
geographic range, can affect larvae,
juveniles, and adults throughout the
year, rearing juveniles and adults in
western Delta and Suisun Bay

Certainty: 1

Weston et al.
2004, Luoma
2007

Swanson et al.

2000, Monismith
Moderately widespread, influences eKt. al. 2002,
Reduced |Reduced growth, . rearing juveniles and adults and mmerer
. . Water operations have compressed S . ) . 2002a,b, Bennett
rearing |increased . o spawning in adults, episodic, mainly
habi . the estuarine salinity field. . . 2005, Sommer
abitat |competition in Fall when outflow is low
C intv: 4 2006, Feyrer et
ertainty: al. 2007, Pelagic
Fish Action Plan
2007
Widespread stressor throughout st}<e2r(—)]3£idges
. Reduction in hydrologic residence | geographic range, influences rearing cra. s
Reduced |Reduced foraging ) ; L ; . o Feyrer et al.
e e L time decreases organic material in  |juveniles and adults, episodic, .
turbidity | efficiency N 2007, Pelagic
the Delta mainly in Fall : :
Certaintv: 3 Fish Action Plan
ertainty: 2007
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Table C-1. Stressors, Stressor Effects, and Impact Mechanisms for Delta Smelt (continued)
Relationships
Stressor Effect on Species Important Impact Mechanism Comments to Other Citations
Stressors

Highly Important Stressors (cont.)

Corbula reduces organic material in
the water column

Specific to west Delta and Suisun
Bay, influences rearing juveniles and
adults. Varies temporally in
influence on the species

Certainty: 4

Kimmerer &
Orsi 1996,
Sweetnam 1999,
Jassby et al.
2002, Kimmerer
2002a

Egeria and other non-native
invasive aquatic plants trap and
remove suspended sediments from
the water column

Widespread, varies seasonally,
influences juveniles and adults

Certainty: 3

Nestor et al.
2003

Upstream water management &
channelization reduces sediment
input

Widespread, varies seasonally,
mostly in non-rainy periods,
influences juveniles and adults

Certainty: 3

Jassby et al. 2002

Reclaiming wetlands and islands

Widespread throughout geographic

Reduc.e d Reduction in reduced shallow freshwater habitat, range, .a ffects adul’is durl'ng I
spawning reproductive success |which is thought to be spawning Spawniig season (late winter/early Bennett 2005
habitat habitat spring)
Certainty: 3
Introductions of non-native
Increased time zooplankton species have displaced | Moderately widespread throughout
Reduced |needed to forage, native forage species that are less | geographic range, episodic, affects Pelagic Fish
food quality |starvation, reduced |efficient to consume (due to size, larvae, juveniles and adults Action Plan 2007
reproduction protection, and speed) (e.g., Certainty: 3
Limnoithona)
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Table C-1. Stressors, Stressor Effects, and Impact Mechanisms for Delta Smelt (continued)
Relationships
Stressor Effect on Species Important Impact Mechanism Comments to Other Citations
Stressors
Moderately Important Stressors (cont.)
Simenstad 1999,
Non-native submerged aquatic Widespread throughout geographic Moyle 2002, Toft
Unnatural Mortalit vegetation provides suitable habitat |range, impacts larvae, juveniles, et al. 2003,
mortality y for non-native predators that prey |adults, year-round Nobriga et al.
on delta smelt Certainty: 3 2005, Brown &
Michniuk 2006
Wid d st th hout
Reduced turbidity allows visual (CeSpreac stressor " IrougnoT Feyrer et al 2007;
o geographic range, influences all L
predators to forage more efficiently stages. episodic. mainlv in Fall Pelagic Fish
on delta smelt & ! p ’ y Action Plan 2007
Certainty: 3
When salinity
.. . is high, fish
Limited range, adults affected during
. . . move farther |Bennett 2005,
G Reverse flows in Old and Middle spawning season (December-March), e
CVP/SWP | Mortality, injury, . . . . . upstream, Pelagic Fish
. . . rivers entrain delta smelt, larvae and juveniles affected during |, ; i
entrainment | displacement if . . . . increasing Action Plan
eventually moving them into the first few months of life (usually Feb- -
1 salvaged successfully e probability of |2007, Sommer et
SWP and CVP export facilities June) .
R entrainment |al. 2007
Certainty: 2 into O&M
rivers
Sommer 2006,
Bennett unpubl.
Sublethal and lethal | Toxics enter the system from a Widespread throughout geographic data, Werner
Exposure to |effects, increased variety of point and non-point range, can be episodic and chronic, 2006, 2007,
toxics susceptibility to sources including agricultural and |can affect all life stages Herbold pers.
disease urban run-off Certainty: 1 comm., Pelagic
Fish Action Plan
2007
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1Although it is recognized that the risk of entrainment at the SWP and CVP export facilities may, in some years, be a high level stressor to delta smelt, and in
some years represents a very low level stressor to delta smelt, for purposes of the analysis the risk of delta smelt entrainment under each of the Options has been
characterized, on average, as a moderate level stressor to the population.

Other stressors:

e  Propeller entrainment by cargo vessels ¢ Entrainment at:

¢  Monitoring mortality 0 Private unscreened diversions

e  Reduced dissolved oxygen 0 DWR owned diversions

e Fish stranding 0 Rock Slough

e  Passage barriers 0 Mirant Pittsburg and Contra Costa power plants
e Reduced habitat diversity 0 North Bay Aqueduct

Individuals participating in the BDCP technical working sessions for Delta smelt:

Bill Bennett (UC Davis) Chuck Hanson (Hanson Environmental); Diane Windham, Bruce Oppenheim, and Rosalie del Rosario (NMFS); Jim White, Randy Baxter,
Alice Low, Kevin Flemming, and Neil Clipperton (DFG); Bill Harrell (DWR); Bill Bennett (UC Davis); Rick Sitts, David Fullerton, and Pete Rhoads (Metropolitan);
Ron Kino (Mirant); Campbell Ingram (TNC); and Pete Rawlings and Rick Wilder (SAIC)
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Bennett WA. 2005. Critical assessment of the delta smelt population in the San Francisco Estuary, California. San Francisco Estuary and Watershed Science [online
serial]. Vol 3, Issue 2 (September 2005), Article 1

Brown LR, D Michniuk. 2006. Littoral fish assemblages of the alien-dominated Sacramento-San Joaquin Delta, California, 1980-1983 and 2001-2003. Estuaries and
Coasts. 30(1):186-200

Feyrer F, ML Nobriga, TR Sommer. 2007. Multidecadal trends for three declining fish species: habitat patterns and mechanisms in the San Francisco Estuary,
California, USA. Canadian Journal of Fisheries and Aquatic Science. 64:723-734

Jassby AD, JE Cloern, BE Cole. 2002. Annual primary production: Patterns and mechanisms of change in a nutrient-rich tidal ecosystem. Limnology and
Oceanography 47:698-712

Kimmerer WJ. 2002a. Effects of freshwater flow on abundance of estuarine organisms: physical effects of trophic linkages. Marine Ecology Progress Series.
243:39-55

Kimmerer WJ. 2002b. Physical, biological, and management responses to variable freshwater flow into the San Francisco Estuary. Estuaries. 25:1275-1290

BDCP Options Evaluation Report App. C-5



QW Oo~N O Uk~ W NP

27
28

Appendix C - Stressor Importance Ranking September 17, 2007

Kimmerer WJ, J] Orsi. 1996. Changes in the zooplankton of the San Francisco Estuary since the introduction of the clam Potamocorbula amurensis. In San Francisco
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Table C-2. Stressors, Stressor Effects, and Impact Mechanisms for Longfin Smelt
Stressor Effect on Species Important Impact Mechanism Comments Relationships to Citations
Other Stressors
Highly Important Stressors
. . Movement
Reduced Increased energy use, sub- ?r?g\te“{;ﬁe;‘e{lsigf mioorlllgﬂows Widespread throughout upstream causes Kimmerer
access to : By use, ° ity geographic range, during increased 2002a,b;
. optimal spawning habitat, |upstream, forcing spawners to . . o
spawning . winter & spring, affects adults. | probability of Sommer et al.
habitat mortality move farther upstream to reach e . 2007
abita spawnine habitat Certainty =3 entrainment at
p & pumps
Increased time
upstream increases
Reduced Low winter/spring outflow Widespread throughout probability of Kimmerer
access to | Sub-optimal growth, does not transport larvae, geographic range, during entrainment at 2002a;
rearing | mortality acting as passive particles, winter & spring, affects larvae. | pumps, food Sommer et al.
habitat downstream Certainty =3 supplies for larvae |2007
are reduced within
the river
N H ) Can affect larvae, juveniles, and Kimmerer &
Cortule e food it |20l inalllocations Orsi 1996
Reduced Starvation, reduced to lonefin smelt b throughout the year, but mostly Sweetnam
i'ogfie reproduction, higher eatin %;filterin oZt organics rearing juveniles and aclults in 1999, Jassby et
susceptibility to disease h tg Jankt 5 d 8 ’ western Delta and Suisun Bay al. 2002,
50(})7 (l)ellgni?ononl an during low production periods. Kimmerer
P ' Certainty = 4 20022, 2004
Widespread stressor
. . throughout geographic range,
Upstream reservoir operations . .
d hioh fl dred can affect larvae, juveniles, and
t}?enflfeenuefc aﬁgiliﬁatfjn Eie adults throughout the year, Jassby et al.
season(il ﬂoo}él lain inundation mainly in drier years, rearing 2002, Pelagic
4 mobili t'p d juveniles and adults in western Fish Action
and mobriization an Delta and Suisun Bay when Plan 2007

downstream transport of
nutrients and organic matter

flows are low and exports are
high.
Certainty =3
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Table C-2. Stressors, Stressor Effects, and Impact Mechanisms for Longfin Smelt (continued)
Stressor Effect on Species Important Impact Mechanism Comments Roetlﬁgog tsr ?SEZ:: Citations
Highly Important Stressors (cont.)
Widespread stressor
throughout geographic range,
U . q can affect larvae, juveniles, and b 1
pstreapl nutrients an adults throughout the year, Jassby et a .
production are exported by .. 1 d adults i 2002, Pelagic
i rearing juveniles and adults in ) .
SWP, CVP, and in-Delta . Fish Action
; ; ; western Delta and Suisun Bay
diversions with water Plan 2007
when flows are low and exports
are high.
Certainty =3
Hﬁqrﬁ)k;fgic resi;lencel tir;:e, Can affect larvae, juveniles, and Jassby et al.
w dlc a fCt'ip ytop dan 'ton . |adults throughout the year, 2002,
an 4 zogpbanhtonprg uction, 1s mostly rearing juveniles and Kimmerer
reducec y}f Znele .tob . adults in western Delta and 2002a,b, 2004,
maintain a hydrologic barrier to Suisun Bay during low Pelagic Fish

keep exported water fresh and
the use of Delta channels for
water conveyance. .

production periods.
Certainty =3

Action Plan
2007

Mortality of prey species that
are exposed to toxics can occur,

Widespread stressor
throughout geographic range,
can affect larvae, juveniles, and

Weston et al.

! adults throughout the year, 2004, Luoma
reducing food abundance to o 1 d adults i
lonefin smelt rearing juveniles and adults in 2007
& western Delta and Suisun Bay
Certainty: 1
Simenstad
Wid d th hout
Non-native submerged aquatic (despread roughot 1999, Moyle
) ) . geographic range, impacts 2002, Toft et
Unnatural . vegetation provides suitable . .
. Mortality . : larvae, juveniles, adults, year- al. 2003,
predation habitat for non-native predators .
that prey on longfin smelt round. Nobriga et al.
prey & Certainty = 3 2005, Brown &
Michniuk 2006
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Appendix C - Stressor Importance Ranking September 17, 2007
Table C-2. Stressors, Stressor Effects, and Impact Mechanisms for Longfin Smelt (continued)
Stressor Effect on Species Important Impact Mechanism Comments Relationships to Citations

Other Stressors

Highly Important Stressors (cont.)

Reduction in hydrologic
residence time decreases

Widespread stressor

Pelagic Fish

i th hout hi ,
Reduced Refh.lced f(?ragmg organic material in the Delta, L OUSNOUE SEogTaphic Tange Action Plan
. 1 efficiency, increased . influences rearing juveniles and
turbidity . . changes in hydrology and scour 1 1o 2007, S. Foote
vulnerability to predation | . adults, episodic, mainly in Fall.
(riprapped levees) has reduced Certaintv = 3 unpubl. data,
sediment inputs ertainty =
Specific to west Delta and Kimmerer &
Suisun Bay, influences rearing Orsi 1996,
Corbula reduces organic juveniles and adults. Varies Jassby et al.
material in the water column temporally in influence on the 2002,
species. Kimmerer
Certainty = 4 2002a, 2004
.Egeriq and othgr non-native Widespread, varies seasonally,
invasive aquatic plants trap and | . . . Nestor et al.
. influences juveniles and adults.
remove suspended sediments Certaintv = 3 2003
from the water column ertainty =
Widespread, varies seasonally,
Upstream water management & : . .
o mostly in non-rainy periods, Jassby et al.
channelization reduces . . :
. . influences juveniles and adults. 2002
sediment input )
Certainty =3
Wid d th hout
Reclaiming wetlands and wcespread troughot -
Reduced L. . . spawning range, affects adults Pelagic Fish
. Reduction in reproductive |islands reduced shallow . ; .
spawning . s during spawning season (late Action Plan
. success freshwater habitat, which is . )
habitat winter/early spring). 2007

thought to be spawning habitat

Certainty =2

Channelization and rip-rapping
of channels reduces the amount
of shallow water habitat
suitable for spawning

Widespread throughout
spawning range affects adults
during spawning season (late
winter/early spring).
Certainty =2

Pelagic Fish
Action Plan
2007

BDCP Options Evaluation Report
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Table C-2. Stressors, Stressor Effects, and Impact Mechanisms for Longfin Smelt (continued)
Stressor Effect on Species Important Impact Mechanism Comments Relationships to Citations
Other Stressors
Highly Important Stressors (cont.)
Introductions of non-
zooplankton peciesnatives have | Moderately widespread

Reduced
food quality

Increased time needed to
forage, starvation, reduced
reproduction

displaced native forage species
that are less efficient to
consume (due to size,

throughout geographic range,
episodic, affects juveniles and
adults.

Pelagic Fish
Action Plan
2007

protection, and speed) (e.g., Certainty = 2
Limnoithona)

Moderately Important Stressors
Reverse flows in Old and Adults affected during

Depends on

location of fish, T. Swanson

Middle rivers (high E:I ratio) spawning season (December-

Mortality, injury,

CVP/SWP , . entrain longfin smelt, March), larvae and juveniles L unpubl. data,
. displacement if salvaged . . L which is influenced .
entrainment! successfull eventually moving them into | affected during first few by 1 linitv zon POD Action
y the SWP and CVP export months of life (~Feb-May). ai do(:/lvl tsf?ow Y ZON€ | plan 2007
facilities Certainty =2
. Moderately widespread, Kimmerer
Water operations have . . . 2002a,b,
duced dth i influences rearing juveniles and B 2005
Re 1{ce Reduced grow th, coll'n}')res;eldt he estu}zlarme adults and spawning in adults, Serme’ct zooé
rearing increased competition salnity field throug episodic, mainly in Fall when ormer 21,
habitat reductions in seasonal Delta . Pelagic Fish
outflow is low.
outflow. C . _3 Action Plan
ertainty = 2007
. Widespread throughout S. Foote
Toxics enter the system from a .
E . Sublethal and lethal i ¢ voint and non-point geographic range, can be unpubl. data,
Xposure to | cc. to increased variety ot point a on-pol episodic and chronic, can affect Pelagic Fish

toxics

susceptibility to disease

sources including agricultural
and urban run-off

all life stages.
Certainty =1

Action Plan
2007

1Although it is recognized that the risk of entrainment at the SWP and CVP export facilities may, in some years, be a high level stressor to longfin smelt, and in
some years represents a very low level stressor to longfin smelt, for purposes of the analysis the risk of longfin smelt entrainment under each of the Options has
been characterized, on average, as a moderate level stressor to the population.

BDCP Options Evaluation Report

App. C-10




oO~N OO wN

11
12

13
14

15
16

17

18
19

20
21

Appendix C - Stressor Importance Ranking September 17, 2007

Other stressors:

e Monitoring mortality Private unscreened diversions

. Propeller entrainment by cargo vessels DWR owned diversions
USBR owned diversion (Rock Slough)
Mirant Pittsburg/Contra Costa power plants

North Bay Aqueduct

e  Fish stranding

e  Passage barriers

O O 0O O ©O

e  Other entrainment

Individuals participating in the BDCP technical working sessions for longfin smelt:

Chuck Hanson (Hanson Environmental); Diane Windham, Bruce Oppenheim, and Rosalie del Rosario (NMFS); Jim White, Randy Baxter, Alice Low, Kevin
Fleming, and Neil Clipperton (DFG); Bill Harrell (DWR); Tina Swanson (The Bay Institute); Bill Bennett (UC Davis); Rick Sitts, David Fullerton, and Pete Rhoads
(Metropolitan); Ron Kino (Mirant); Campbell Ingram (TNC); and Pete Rawlings and Rick Wilder (SAIC)
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http:/ /science.calwater.ca.gov/pdf/ewa/ presentations_2006/ EWA_2006_review_CBDA _talk_sommer_112806.pdf
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(winter-run, spring-run, and fall-/late fall-run)

Table C-3. Stressors, Stressor Effects, and Impact Mechanisms for Sacramento River Chinook Salmon

Relationships to

Stressor Effect on Species Important Impact Mechanism Comments Other Stressors Citations
Highly Important Stressors
Reduced spawning
success, competition for Primarily upstream of Delta,
Reduced |remaining habitat, Man-made structures (e.g., during staging and spawning
staging and |increased probability of |dams, weirs) prohibit access to |season, in all years, influences USBR 2004,
spawning |inter-racial breeding, upstream staging and spawning | spawning adults migrating DWR 2005
habitat redd superimposition habitat upstream
and reduced reproductive Certainty: 4
success
Blockage of gravel recruitment Upstream of the Delta, during
from upstream areas by . .
. staging and spawning season,
reservoirs, removal of gravel by | .2 . . .
) primarily in low flow years, Yoshiyama et
humans or increased spawning adults migrating al. 1998
sedimentation has reduced upstream
gravel availability needed for P ]
. Certainty: 3
spawning
Low flows from upstream dams | Primarily upstream of the Delta,
do not provide attraction cues | during staging and spawning
needed by spawning adults to |season, primarily in low flow Yoshiyama et
gain access to natal spawning | years, spawning adults migrating al. 1998
grounds, reduced migration upstream
cues Certainty: 3
Throughout the Delta, year-round, .
Re.d uced . . Reclaiming wetlands and HENO Y " Yoshiyama et
rearing and |Reduced juvenile . all years, influences rearing and
outmigration |growth/survival islands has reduced shallow, outmigrating fry and juveniles al. 1998,
. low velocity habitat ) Williams 2006
habitat Certainty: 4
Man-made structures (e.g., Primarily upstream of the Delta, USBR 2004,
dams, weirs) prohibit access to | year-round, affects rearing DWR 2005,
rearing habitat, increase juveniles NOAA 2005

vulnerability to predation

Certainty: 4
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Table C-3. Stressors, Stressor Effects, and Impact Mechanisms for Sacramento River Chinook Salmon

(winter-run, spring-run, and fall-/late fall-run) (continued)

Stressor

Effect on Species

Important Impact Mechanism

Comments

Relationships to
Other Stressors

Citations

Highly Important Stressors (cont.)

Upstream reservoir operations
and reclamation (levee
construction) has reduced the
frequency and duration of
seasonal floodplain inundation,
mobilization and downstream
transport of nutrients and
organic carbon, and other flow-
dependent habitat (salmon
rearing habitat and
outmigration pathway)

Specific to floodplains, during
winter/spring with high flows,
some years, influences rearing and
outmigrating fry and juveniles

Certainty: 4

Sommer et al.
2001, 2004,
Moyle et al.
2007

Riprapped levees reduce
shallow water, low velocity
habitat and overbank flow

Throughout the Delta, year-round,
all years, influences rearing and
outmigrating fry and juveniles

Certainty: 4

Yoshiyama et
al. 1998

Reduction in spatial complexity
(habitat diversity) of channels
reduces refuge space from

Widespread throughout aquatic

Missildine et

Predatior.l by . predators, use of riprapped range impacts rearing and . al. 2001,
non-native | Mortality o outmigrating fry and juveniles

species stabilized channel .Ievees primarily, year-round Sommer et al.
reduces cover habitat and . 2001, 2004
increases vulnerability to Certainty: 3
predation
Instream gravel pits and Primarily upstream of the Delta,
flooded ponds attract non- impacts juveniles rearing and Demko 1998,
native warm water predators migrating downstream DWR 2005

and lack cover for salmon

Certainty: 2
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Table C-3. Stressors, Stressor Effects, and Impact Mechanisms for Sacramento River Chinook Salmon
(winter-run, spring-run, and fall-/late fall-run) (continued)

Relationships to

Stressor Effect on Species Important Impact Mechanism Comments Other Stressors Citations
Highly Important Stressors (cont.)
Simenstad
Non-native submerged aquatic | Widespread throughout aquatic ;ggg’ g/gglei
vegetation provides suitable range, impacts outmigrating fry Al 2603
habitat for non-native predators | and juveniles year-round N;)brigs; etal
that prey on salmon Certainty: 3 2005, Brown &
Michniuk 2006
Moderately Important Stressors
Occurs primarily in ocean, but
some harvest of spawning adults
migrating upstream throughout Yoshiyama
. ) migration pathways during 1998, USBR
Harvest Mortality Legal and illegal spawning season, moderately high 2004, Williams
certainty for legal, moderate 2006
certainty for illegal
Certainty: 3
Hatchery
Reduced .
Th hout , - d, all
genetic Increased risk of Hatcheries reduce genetic  TOUSTOUL TANgE, yearTound, a prac’flces may USFWS 2001,
o= L o life stages also increase o
diversity/ |extinction diversity . s Williams 2006
; ; Certainty: 2 vulnerability to
integrity .
disease
Reverse flows in Old and
CVP/SWP Mortality, injury, Middle rivers entrain salmon, | Limited range, primarily Feb-June, IBJZFHVC\{ES;&?SZ
! displacement if salvaged |eventually moving theminto  |fry and juveniles )
entrainment full the SWP and CVP " intv: 3 McLain 2001,
successfully e‘ oV an expor Certainty: USBR 2004
facilities
Lethal and sub-lethal Throughout the Delta, year-round, Klabrat et al.
Exposure to | effects, increased Point and non-point sources all years, all life stages while in the 1992, Moyle
toxics | susceptibility to p Delta 2002, USBR
predation Certainty: 1 2004
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Table C-3. Stressors, Stressor Effects, and Impact Mechanisms for Sacramento River Chinook Salmon

(winter-run, spring-run, and fall-/late fall-run) (continued)

Relationships to

Stressor Effect on Species Important Impact Mechanism Comments Other Stressors Citations
Moderately Important Stressors (cont.)
Low flows also
increase
Widespread throughout the Delta | hydrologic
. . Low flows from dam releases, |and tributary rivers during residence time, | USFWS 1999,
Increased | Physiological stress, . . . X .
: reduced cold water pool storage | spring/summer/fall, occurs increase juvenile |Myrick &
water reduced spawning . : imarily in dri P 1 R
temperature | success, mortality in upstream reservoirs, reduced prlman y in drier years, atfects a migration time, | Cech 2001,
’ riparian vegetation and shading | life stages contribute to USBR 2004
Certainty: 3 localized

depressions in
DO

Other stressors:
e Increased fine sediments e Reduced food

*  Monitoring mortality e Salinity control/compliance

*  Propeller entrainment by cargo vessels e  Competition with hatchery-reared individuals

Individuals participating in the BDCP technical working sessions for covered salmonids:

Chuck Hanson (Hanson Environmental); Diane Windham, Bruce Oppenheim, and Rosalie del Rosario (NMFS); Jim White, Randy Baxter, Alice Low, and Neil
Clipperton (DFG); Bill Harrell (DWR); Bill Bennett (UC Davis); Rick Sitts, David Fullerton, and Pete Rhoads (Metropolitan); Ron Kino (Mirant); and Campbell

Ingram (TNC); and Pete Rawlings and Rick Wilder (SAIC).
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Table C-4. Stressors, Stressor Effects, and Impact Mechanisms for San Joaquin River Chinook Salmon (fall-run)

Relationships to

Stressor Effect on Species Important Impact Mechanism Comments Other Stressors Citations
Highly Important Stressors
Reduced spawning Primarily upstream of Delta,
Reduced |success, competition for |Man-made structures (e.g., during staging and spawning
staging and |remaining habitat, redd |dams, weirs) prohibit access to |season (fall/winter), in all years, USBR 2004,
spawning |superimposition and upstream staging and spawning | influences spawning adults DWR 2005
habitat reduced reproductive habitat migrating upstream
success Certainty: 4
Low flows from upstream dams | Primarily upstream of the Delta,
do not provide attraction cues | during staging and spawning
needed by spawning adults to | season (fall/winter), primarily in Yoshiyama et
gain access to natal spawning | low flow years, spawning adults al. 1998
grounds, reduced migration migrating upstream
cues Certainty: 3
Blockage of gravel recruitment Primarily upstream of the Delta,
from upstream areas by duri : .
j uring staging and spawning
reservoirs, removal of gravel by S P .
. season, primarily in low flow Yoshiyama et
humans or increased years, spawning adults migrating al. 1998
sedimentation has reduced Upstream
gravel availability needed for P .
. Certainty: 3
spawning
Upstream reservoir operations
and reclamation (levee
construction) has reduced the
i Specific to floodplains, duri
Reduced frequency and du.r at.lon of . peeiic o L ooclp am, ceng Sommer et al.
. : . seasonal floodplain inundation , | winter/spring with high flows,
rearing and |Reduced juvenile - . . 2001, 2004,
O . mobilization and downstream | some years, influences rearing and
outmigration |growth/survival . tmiorating f di 1 Moyle et al.
habitat transport of nutrients and outmigrating fry and juveniles 2007

organic carbon, and other flow-
dependent habitat (salmon
rearing habitat and
outmigration pathway)

Certainty: 4
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Table C-4. Stressors, Stressor Effects, and Impact Mechanisms for San Joaquin River Chinook Salmon (fall-run) (continued)

Stressor Effect on Species Important Impact Mechanism Comments Relationships to Citations
Other Stressors
Highly Important Stressors (cont.)
Man-made structures (e.g., ) . USBR 2004,
dams, weirs, boat locks) });rllr_?iﬁl}; flflgjtsri::;iﬁf t.l?l ev?rillz DWR 2005,
prohibit access to rearing ’ &) NOAA 2005

habitat

Certainty: 4

Reclaiming wetlands and
islands reduced shallow, low

Throughout the Delta, Jan-Jun, all
years, influences rearing and

Yoshiyama et

velocity habitat, increase outmigrating fry and juveniles ?/if.ﬂll?gris 2006
vulnerability to predation Certainty: 4
Specific areas of low flow in Delta
Low flows due to low inflows | (e.g., Stockton Shipping Channel),
or high export rates increase late summer-late fall, affects Can also cause
. L . . USBR 2004,
water temperature and rearing and outmigrating fry and |localized fish DWR 2006

residence time, resulting in
dissolved oxygen levels

juveniles and upstream adult
migration
Certainty: 4

kills

Riprapped levees reduce
shallow water, low velocity

Throughout the Delta, Jan-Jun, all
years, influences rearing and

Yoshiyama et

habitat and overbank flow outmllgratmg fry and juveniles al. 1998
Certainty: 4
Lethal and sub-lethal Throughout the Delta, year-round, Saiki et al.
. ) . 1992, Klaprat
Exposure to | effects, increased . . all years, all life stages while in the
. s Point and non-point sources et al. 1992,
toxics susceptibility to Delta
dation Certainty: 2 Moyle 2002,
pre ' USBR 2004
Simenstad
. Non-native submerged aquatic Wldespre?d throughQut . 1999, Moyle
Predation by . . . geographic range, primarily Jan- 2002, Toft et
. . vegetation provides suitable . L
non-native |Mortality ) . Jun, impacts outmigrating fry and al. 2003,
. habitat for non-native predators |: : .
species that prev on salmon juveniles Nobriga et al.
prey Certainty: 3 2005, Brown &
Michniuk 2006
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Table C-4. Stressors, Stressor Effects, and Impact Mechanisms for San Joaquin River Chinook Salmon (fall-run) (continued)

Stressor Effect on Species Important Impact Mechanism Comments Relationships to Citations
Other Stressors
Highly Important Stressors (cont.)
Instream gravel pits and Primarily upstream of the Delta,
flooded ponds attract non- Jan-Jun, impacts juveniles rearing Demko 1998,
native warm water predators and migrating downstream DWR 2005

and lack cover for salmon

Certainty: 2

Reduction in spatial complexity
(habitat diversity) of channels
reduces refuge space from

Widespread throughout aquatic
range, impacts rearing and

Missildine et

predators, use of riprapped outmigrating fry and juveniles al. 2001,
stabilized channel levees rimarily, Jan-Jun Sommer et al.
reduces cover habitat and P . Y 2001, 2004
. . Certainty: 3
increases vulnerability to
predation
Moderately Important Stressors
Reduced Hatcl'lery
genetic o . Hatcheries reduce genetic Throughout range, year-round, all prac’flces may USFWS 2001,
: . Susceptibility to disease . . . . also increase s
diversity/ diversity life stages, low certainty s Williams 2006
integrity vulnerability to
disease
Occurs primarily in ocean, but
some harvest of spawning adults Yoshiyama
. ) migrating upstream throughout 1998, USBR
Harvest Mortality Legal and illegal migration pathways during 2004, Williams
spawning season 2006
Certainty: 3
o Reyerse ﬂows in OIFI and o . ‘ USFWS 1987,
Mortality, injury, Middle rivers entrain salmon, |Limited range, primarily Jan-Jun,
CVP/SWP . . . . . . Brandes &
: displacement if salvaged |eventually moving them into fry and juveniles )
entrainment full the SWP and CVP " ntve 3 McLain 2001,
successfully fa;lities an expor Certainty: USBR 2004
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Table C-4. Stressors, Stressor Effects, and Impact Mechanisms for San Joaquin River Chinook Salmon (fall-run) (continued)

Stressor Effect on Species Important Impact Mechanism Comments Relationships to Citations
Other Stressors
Moderately Important Stressors (cont.)
Low flows also
increase
Widespread throughout the Delta | hydrologic
. . Low flows from dam releases, |and tributary rivers during residence time, | USFWS 1999,
Increased | Physiological stress, . . . . .
: reduced cold water pool storage | spring/summer/fall, occurs increase juvenile | Myrick &
water reduced spawning . : marilv in dri f 1 L
temperature |success, mortality in upstream reservoirs, reduced Prlmarl y In drier years, attects a migration time, | Cech 2001,
’ riparian vegetation and shading |life stages contribute to USBR 2004
Certainty: 3 localized
depressions in
DO

e Increase in fine sediment

¢ Monitoring mortality o Competition with hatchery-reared individuals
e Propeller entrainment by cargo vessels

Other stressors:

Reduced food
Salinity control/compliance

Other entrainment

Individuals participating in the BDCP technical working sessions for covered salmonids:

Chuck Hanson (Hanson Environmental); Diane Windham, Bruce Oppenheim, and Rosalie del Rosario (NMFS); Jim White, Randy Baxter, Alice Low, and Neil

Clipperton (DFG); Bill Harrell (DWR); Bill Bennett (UC Davis); Rick Sitts, David Fullerton, and Pete Rhoads (Metropolitan); Ron Kino (Mirant); and Campbell
Ingram (TNC); Pete Rawlings and Rick Wilder (SAIC).
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Demko D. 1998. Evaluation of juvenile Chinook behavior, migration rate and location of mortality in the Stanislaus River through the use of radio tracking. SP
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http:/ /www.watershedrestoration.water.ca.cov/fishpassage/b250/content.html
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Table C-5. Stressors, Stressor Effects, and Impact Mechanisms for Sacramento River Central Valley Steelhead

. . Relationships to s
Stressor Effect on Species Important Impact Mechanism Comments Other Stressors Citations
Highly Important Stressors
Reduced spawn.ir‘lg Primarily upstream of Delta, USBR 2004,
Reduced |success, competition for |Man-made structures (e.g., S g
. o . . o eptember-April, in all years, DWR 2005,
staging and |remaining habitat, redd |dams, weirs) prohibit access to |. L
) . . . ; influences adults migrating NOAA 2005,
spawning |superimposition and upstream staging and spawning upstream Lindlev et al
habitat reduced reproductive habitat ] y ‘
Success Certainty: 4 2006
Low flows from upstream dams
do not provide attraction cues | Primarily upstream of the
needed by spawning adults to | Delta, September-April,
) . L DWR 2005
gain access to natal spawning | primarily in low flow years
grounds, reduced migration Certainty: 3
cues
Blockage of gravel recruitment
from upstream areas by Upstream of the Delta,
reservoirs, removal of gravel by |September-April, reduces
humans or increased spawning habitat and egg Mesick 1998
sedimentation has reduced incubation/hatching success
gravel availability needed for | Certainty: 3
spawning
Reverse flows in Old and
Mortality, injury, Middle rivers entrain or guide - S
Limited , ly Feb-

Entrainment displacement if salvaged |steelhead, increasing their ]liﬁg Gf!r r:gdge.uszlnnillzl yre USBR 2004,
successfully at the SWP | vulnerability to entrainment C t, ) Y .3 J Williams 2006
and CVP export facilities |and salvage at the CVP/Swp | Certainty:

export facilities
Wid d, primarily Feb-
Other screened and unscreened |1 - oo PHMATY e Herren &.
diversi June, fry and juveniles Kawasaki 2004,
iversions
Certainty: 2 USBR 2004
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Table C-5. Stressors, Stressor Effects, and Impact Mechanisms for Sacramento River Central Valley Steelhead (continued)

Stressor Effect on Species Important Impact Mechanism Comments Relationships to Citations
Other Stressors
Highly Important Stressors (cont.)
Upstream reservoir operations
dampen high flows, reducing
extent and duration of Specific to floodplains, during
Reduced inundation of floodplains, winter/spring with high flows,
rearing and |Reduced juvenile mobilization and downstream |some years, influences rearing NOAA 2005,
outmigration | growth/survival transport of nutrients and and outmigrating fry and DWR 2005
habitat organic material, and other juveniles
flow-dependent habitat Certainty: 4
(steelhead rearing habitat and
outmigration pathway)
Man-made structures (e.g. S
’ P \ t f the Delta,
dams, weirs) prohibit access to rimartly upstream o . e elta DFG 1996, USBR
: ) ) year-round, affect rearing
upstream juvenile rearing uveniles 2004, DWR 2005,
habitat, increase vulnerability to ] K NOAA 2005
. Certainty: 3
predation
Th hout the Delta, -
Reclaiming wetlands and ro:gggal(l)u ear: inefh?er}:cej;
islands has reduced shallow, L y o Williams 2006
) ) rearing juveniles
low velocity habitat .
Certainty: 4
Throughout the Delta and
Ri d1 g upstream reaches of the
ﬁpﬂappe e"eles re ‘;CG, Sacramento River and many DFG 1996, DWR
shallow water, low ve ocity tributaries, year-round, all years, 2005

habitat and overbank flow

influences rearing juveniles
Certainty: 4
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Table C-5. Stressors, Stressor Effects, and Impact Mechanisms for Sacramento River Central Valley Steelhead (continued)

Stressor Effect on Species Important Impact Mechanism Comments Relationships to Citations
Other Stressors
Highly Important Stressors (cont.)
. Simenstad 1999
Wid d th hout ’
. Non-native submerged aquatic Loespread “rougnou Moyle 2002, Toft
Predation by . . . geographic range, impacts
. . vegetation provides suitable L . et al. 2003,
non-native |Mortality . . outmigrating and rearing :
. habitat for non-native predators |. h Nobriga et al.
species . . juveniles year-round
that prey on juvenile steelhead Certaintv: 3 2005, Brown &
ertainty: Michniuk 2006
Instream gravel pits and Primarily upstream of the Delta,
flooded ponds attract non- . . . .
i impacts juveniles rearing and DWR 2005,
native warm water predators S
. ) migrating downstream NOAA 2005
and lack cover for juvenile Certaintv: 2
steelhead ertainty:
Wid d th hout ti
Reduction in spatial complexity ‘despreac TrougRout aquatic Raleigh et al.
. LT range, impacts rearing and oo
(habitat diversity) of channels L . . 1984, Missildine
outmigrating fry and juveniles
reduces refuge space from 2 etal. 2001,
primarily, year-round
predators . NOAA 2005
Certainty: 3
Moderately Important Stressors
. Th hout the Delta, -
Lethal and sub-lethal roughout the De ? year DFG 1996, USBR
Exposure to |effects, reduced health, . . round, all years, all life stages .
. . Point and non-point sources R 2004, Klinck et
toxics growth, survival, and while in the Delta al. 2005
reproductive success Certainty: 3 '
Reduced Hatchery practices
Th h t 7 - d/
genetic Increased risk of Hatcheries reduce genetic all Iii)fl;gs t:uesrange yearroan may also increase | USFWS 2001,
diversity/ |extinction diversity Certai g ) vulnerability to Williams 2006
integrity ertainty: disease
Harvest of adults migrating
t th hout migrati
pathwnays,primaly Sept-Mar, USER 2004,
Harvest |Mortality Legal and illegal reates tylr; DS treari river ’ DWR 2005,
5 P Williams 2006

reaches
Certainty: 3
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Table C-5. Stressors, Stressor Effects, and Impact Mechanisms for Sacramento River Central Valley Steelhead (continued)

Stressor Effect on Species Important Impact Mechanism Comments Relationships to Citations
Other Stressors
Moderately Important Stressors (cont.)
Low flows also
Wid d th hout th increase
| espread Mrotghont Jie hydrologic McEwan &
. . Delta and tributary rivers, - .
Physiological stress, Low flows from dam releases, . ] residence time, Jackson 1996,
Increased . during spring/summer/fall, . . ;
reduced spawning reduced cold water pool storage T increase juvenile IEP Steelhead
water . . ' occurs primarily in drier years, ; =T
success, increased in upstream reservoirs, reduced . . . migration time, and | PWT 1998, USBR
temperature . . . .| affects all life stages, primarily _ ’
mortality riparian vegetation and shading s . contribute to 2004, Myrick &
rearing juveniles )
Certaintv: 3 increased Cech 2004
ertainty: vulnerability to
predation mortality

Other stressors:

Salinity control/compliance
e Increase in fine sediment

Cold water management
Reduced food

Competition with hatchery-reared individuals

e  Propeller entrainment by cargo vessels

e  Monitoring mortality

Individuals participating in the BDCP technical working sessions for covered salmonids:

Chuck Hanson (Hanson Environmental); Diane Windham, Bruce Oppenheim, and Rosalie del Rosario (NMFS); Jim White, Randy Baxter, Alice Low, and Neil
Clipperton (DFG); Bill Harrell (DWR); Bill Bennett (UC Davis); Rick Sitts, David Fullerton, and Pete Rhoads (Metropolitan); Ron Kino (Mirant); and Campbell
Ingram (TNC); and Pete Rawlings and Rick Wilder (SAIC).

Citations
Brown, LR, D Michniuk. 2006. Littoral fish assemblages of the alien-dominated Sacramento-San Joaquin Delta, California, 1980-1983 and 2001-2003. Estuaries and
Coasts. 30(1):186-200

Department of Fish and Game [DFG]. 1996. Steelhead restoration and management plan for California. Sacramento, CA. 234 pp.

Department of Water Resources [DWR]. 2005. Bulletin 250. Fish Passage Improvement. Available at:
http:/ /www.watershedrestoration.water.ca.gov/fishpassage /b250/ content.html

Department of Water Resources [DWR]. 2006. Water Quality Conditions in the Sacramento-San Joaquin Delta and Suisun and San Pablo Bays during 2003.
Available at: http:/ /www .baydelta.water.ca.gov/emp/Reports/2003_WQ_conditions/
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179: Contributions to the Biology of Central Valley Salmonids, Volume 2. California Department of Fish and Game, Sacramento, California

Interagency Ecological Program [IEP] Steelhead Project Work Team [PWT]. 1998. Monitoring, assessment, and research on Central Valley steelhead: status of
knowledge, review of existing programs, and assessment of needs. 11/2/98. Available at: http:/ /calwater.ca.gov/Programs/Scioence/cmarp/a7all.html

Klinck J, M Dunbar, S Brown, ] Nichols, A Winter, C Hughes and RC Playle. 2005. Influence of water chemistry and natural organic matter on active and passive
uptake of inorganic mercury by gills of rainbow trout (Oncorhynchus mykiss). Aquatic Toxicology 72:161-175.

Lindley ST, RS Schick, A Agrawal, M Goslin, TE Peason, E Mora, J] Anderson, B May, S Greene, C Hanson, A Low, D McEwan, RB MacFarlane, C Swanson, JG
Williams. 2006. Historical population structure of Central Valley Steelhead and its alteration by dams. San Francisco Estuary and Watershed Science [online
serial]. Vol 4, Issue 1 (February 2006), Article 3

Mesick C. 1998. Comprehensive Monitoring, Assessment, and Research Program for Chinook Salmon and Steelhead in the Central Valley Rivers. Available at
http:/ / calwater.ca.gov/Programs/Science/cmarp/a7a9.html

Missildine, B., R. Peters, R. Piaskowski, and R. Tabor. 2001. Habitat complexity, salmonid use, and predation of salmonids at the bioengineered revetment at the
Maplewood Golf Course on the Cedar River, Washington. Miscellaneous report. U.S. Fish and Wildlife Service, Western Washington Office, Lacey, Washington

Moyle PB. 2002. Inland Fishes of California. Revised and expanded. University of California Press, Berkeley, CA.

Myrick CA, JJ Cech, Jr. 2004. Temperature effects on juvenile anadromous salmonids in California’s central valley: what don’t we know? Reviews in Fish Biology
and Fisheries. 14:113-123

NOAA. 2005. Endangered and threatened species; designation of critical habitat for seven evolutionarily significant units of pacific salmon and steelhead in
California; final rule. Federal Register 70(170):52488-52585. September 2, 2005

Nobriga ML, F Feyrer, RD Baxter, M Chotkowski. 2005. Fish community ecology in an altered river delta: spatial patterns in species composition, life history
strategies, and biomass. Estuaries: Vol. 28(5):776-785

Raleigh RF, T Hickman, RC Solomon, PC Nelson. 1984. Habitat suitability information: rainbow trout. Department of Interior, US Fish and Wildlife Service,
Washington DC, FWS/OBS-82/10.60.

Simenstad C, Toft J, Higgins H, Cordell ], Orr M, Williams, P, Grimaldo L, Hymanson Z, Reed D. 1999. Preliminary results from the Sacramento-San Joaquin Delta
breached levee wetland study (BREACH). Interagency Ecological Program Newsletter. 12(4) 15-21

Toft JD, Simenstad CA, Cordell JR, Grimaldo LF. 2003. The effects of introduced water hyacinth on habitat structure, invertebrate assemblages, and fish diets.
Estuaries. 26(3):746-758

United States Bureau of Reclamation [USBR]. 2004. Long-term Central Valley Project and State Water Project Operations Criteria and Plan, Biological Assessment.
Available at: http:/ /www.usbr.gov/mp/cvo/ocap/OCAP_6_30_04.pdf

United States Fish and Wildlife Service [USFWS]. 2001. Biological assessment of artificial propagation at Coleman National Fish Hatchery and Livingston Stone
National Fish Hatchery: program description and incidental take of chinook salmon and steelhead trout. Red Bluff, California

Williams JG. 2006. Central Valley Salmon: A perspective on Chinook and steelhead in the Central Valley of California. San Francisco Estuary and Watershed
Science [online serial]. Vol 4, Issue 3 (December 2006), Article 2
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Table C-6. Stressors, Stressor Effects, and Impact Mechanisms for San Joaquin River Central Valley Steelhead

. . Relationships to e
Stressor Effect on Species Important Impact Mechanism Comments Other Stressors Citations
Highly Important Stressors
Reduced spawning Primarily upstream of Delta DFG 1996,
Reduced |success, competition for |Man-made structures (e.g., Se temb}:er—g Al in all ear; USBR 2004,
staging and |remaining habitat, redd |dams, weirs) prohibit access to |. P PrL, I atl years, DWR 2005,
. . o . .__|influences adults migrating
spawning |superimposition and upstream staging and spawning NOAA 2005,
. . . upstream .
habitat reduced reproductive habitat . Lindley et al.
Certainty: 4
success 2006
Low flows from upstream dams
or increased export rates do not | Primarily upstream of the Delta,
provide attraction cues needed |September-April, primarily in low
by spawning adults to gain flow years, adults migrating DWR 2005
access to natal spawning upstream
grounds, reduced adult and Certainty: 3
juvenile migration cues
Blockage of gravel recruitment
from upstream areas by Upstream of the Delta, September-
reservoirs, removal of gravel by | April, reduces spawning habitat
humans or increased and egg incubation/hatching Mesick 1998
sedimentation has reduced success
gravel availability needed for | Certainty: 3
spawning
Upstream reservoir operations
or water expo rts dampen high Specific to floodplains, during
Reduced flows, reducing extent and winter/spring with high flows
rearing and |Reduced duration of inundation of some eaprs ir%ﬂuencesgrearin ,an d NOAA 2005,
outmigration | growth/survival floodplains and other flow- years . 16 DWR 2005
. . outmigrating fry and juveniles
habitat dependent habitat (steelhead .
. . Certainty: 4
rearing habitat and
outmigration pathway)
Man-made structures (e.g., Primarily upstream of the Delta, DFG 1996,
dams, weirs, boat locks) year-round, affects rearing USBR 2004,
prohibit access to rearing juveniles DWR 2005,
habitat Certainty: 4 NOAA 2005
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Table C-6. Stressors, Stressor Effects, and Impact Mechanisms for San Joaquin River Central Valley Steelhead (continued)

] . Relationships to o
Stressor Effect on Species Important Impact Mechanism Comments Other Stressors Citations
Highly Important Stressors (cont.)
Th hout the Delta, - d,
Reclaiming wetlands and all roel;%s Oiiﬂueencees raea}ll‘ierilr o
islands has reduced shallow, atl years, & Williams 2006
) - juveniles
low velocity habitat ]
Certainty: 4
. Throughout the Delta, year-round,
Riprapped levees reduce : .
. all years, influences rearing DFG 1996,
shallow water, low velocity uveniles DWR 2005
habitat and overbank flow J .
Certainty: 4
Low flows due to low inflows | Specific areas of low flow in Delta
or high export rates increase (e.g., Stockton Shipping Channel), |Can also cause
. o . . USBR 2004,
water temperature and affects rearing and outmigrating  |localized fish
) . . . . ) . DWR 2006
residence time, resulting in juveniles, during late summer-fall |Kkills
dissolved oxygen levels Certainty: 4
Lethal and sub-lethal Throughout the Delta, year-round, DFG 1996,
Exposure to | effects, increased Point and non-point sources all years, all life stages while in the USBR 2004,
toxics susceptibility to p Delta Klinck et al.
predation Certainty: 3 2005
Reduced s .
Th hout : - d, all
genetic .Suscept1b11%ty to disease, Hatcheries reduce genetic - TOAGROUL range, yearrotnd, a USFWS 2001,
: . increased risk of . . life stages >
diversity/ o diversity . Williams 2006
integrity extinction Certainty: 2
o . . Widespread throughout aquatic Raleigh et al.
. Reduction in spatial complexity . . 1984,
Predation by . . ' range, impacts rearing and N
non-native | Mortalit (habitat diversity) of channels outmigrating fry and juveniles Missildine et
. y reduces refuge space from 9 al. 2001, DWR
species primarily, year-round
predators Certaintv: 3 2005, NOAA
ertainty: 2005
BDCP Options Evaluation Report App. C-31




Appendix C - Stressor Importance Ranking

September 17, 2007

Table C-6. Stressors, Stressor Effects, and Impact Mechanisms for San Joaquin River Central Valley Steelhead (continued)

] . Relationships to o
Stressor Effect on Species Important Impact Mechanism Comments Other Stressors Citations
Highly Important Stressors (cont.)
Simenstad
Wid d th hout
Non-native submerged aquatic idespreac Troug ot 1999, Moyle
. . . geographic range, impacts 2002, Toft et
vegetation provides suitable N A .
) . outmigrating and rearing juveniles al. 2003,
habitat for non-native predators d .
that prey on salmon yearroun Nobriga et al.
Certainty: 3 2005, Brown &
Michniuk 2006
Instream gravel pits and Primarily upstream of the Delta,
flooded ponds attract non- impacts juveniles rearing and DWR 2005,
native warm water predators migrating downstream NOAA 2005
and lack cover for salmon Certainty: 2
Moderately Important Stressors
Reverse flows in Old and
Mortahty, injury, Middle rivers entl.'am or gulde Limited range, primarily Feb-June, DWR & USBR
CVP/SWP |displacement if salvaged |steelhead, increasing their frv and iuveniles 1999, USBR
entrainment |successfully at the SWP | vulnerability to entrainment Cy . ] 3 200 4’
and CVP export facilities |and salvage at the CVP/SWP ertainty:
export facilities
H t of adults migrati
arvest of adults migrating Mesick 1998,
upstream throughout migration USER 2004
Harvest Mortality Legal and illegal pathways, primarily Sept-Mar, DWR 2005 ¢
. . h ,
greatest in upstream river reaches Williams 2006

Certainty: 3
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Table C-6. Stressors, Stressor Effects, and Impact Mechanisms for San Joaquin River Central Valley Steelhead (continued)

Stressor Effect on Species Important Impact Mechanism Comments Relationships to Citations
Other Stressors
Moderately Important Stressors (cont.)
Low flows also
increase
Widespread throughout the Delta | hydrologic McEwan &
. and tributary rivers, during residence time, |Jackson 1996,
Physiological stress, Low flows from dam releases, . . ) .
Increased . spring/summer/fall, occurs increase juvenile |IEP Steelhead
reduced spawning reduced cold water pool storage | . .. . . . R
water ; ) ; primarily in drier years, affects all migration time, |PWT 1998,
success, increased in upstream reservoirs, reduced |;. L . . .
temperature mortali riparian vegetation and shadin life stages, primarily rearing and contribute to | Myrick &
ol P & & juveniles increased Cech 2004,
Certainty: 3 vulnerability to | USBR 2004
predation
mortality

Other stressors:

e Increase in fine sediment

Salinity control/compliance
o Propeller entrainment by cargo vessels

Cold water management
Reduced food

Competition with hatchery-reared individuals

e Other entrainment

¢ Monitoring mortality

Individuals participating in the BDCP technical working sessions for covered salmonids:

Chuck Hanson (Hanson Environmental); Diane Windham, Bruce Oppenheim, and Rosalie del Rosario (NMFS); Jim White, Randy Baxter, Alice Low, and Neil
Clipperton (DFG); Bill Harrell (DWR); Bill Bennett (UC Davis); Rick Sitts, David Fullerton, and Pete Rhoads (Metropolitan); Ron Kino (Mirant); Campbell Ingram
(TNC); and Pete Rawlings and Rick Wilder (SAIC).

Citations

Brown, LR, D Michniuk. 2006. Littoral fish assemblages of the alien-dominated Sacramento-San Joaquin Delta, California, 1980-1983 and 2001-2003. Estuaries and
Coasts. 30(1):186-200

Department of Fish and Game [DFG]. 1996. Steelhead restoration and management plan for California. Sacramento, CA. 234 pp.

Department of Water Resources [DWR]. 2005. Bulletin 250. Fish Passage Improvement. Available at:
http:/ /www.watershedrestoration.water.ca.gov/fishpassage/b250/content.html

Department of Water Resources [DWR]. 2006. Water Quality Conditions in the Sacramento-San Joaquin Delta and Suisun and San Pablo Bays during 2003.
Available at: http:/ /www.baydelta.water.ca.cov/emp/Reports/2003 WQ conditions/
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Department of Water Resources, US Bureau of Reclamation. 1999. Biological assessment: effects of the Central Valley Project and State Water Project operations
from October 1998 through March 2000 on steelhead and spring-run Chinook salmon. 211 pp + appendices.

Interagency Ecological Program [IEP] Steelhead Project Work Team [PWT]. 1998. Monitoring, assessment, and research on Central Valley steelhead: status of
knowledge, review of existing programs, and assessment of needs. 11/2/98. Available at: http:/ /calwater.ca.gov/Programs/Science/cmarp/a7all.html

Klinck, J., M. Dunbar, S. Brown, J. Nichols, A. Winter, C. Hughes and R. C. Playle. 2005. Influence of water chemistry and natural organic matter on active and
passive uptake of inorganic mercury by gills of rainbow trout (Oncorhynchus mykiss). Aquatic Toxicology 72:161-175

Lindley ST, RS Schick, A Agrawal, M Goslin, TE Peason, E Mora, J] Anderson, B May, S Greene, C Hanson, A Low, D McEwan, RB MacFarlane, C Swanson, JG
Williams. 2006. Historical population structure of Central Valley Steelhead and its alteration by dams. San Francisco Estuary and Watershed Science [online
serial]. Vol 4, Issue 1 (February 2006), Article 3

Mesick C. 1998. Comprehensive Monitoring, Assessment, and Research Program for Chinook Salmon and Steelhead in the Central Valley Rivers. Available at
http:/ /calwater.ca.gov/Programs/Science/cmarp/a7a9.html

Missildine, B., R. Peters, R. Piaskowski, and R. Tabor. 2001. Habitat complexity, salmonid use, and predation of salmonids at the bioengineered revetment at the
Maplewood Golf Course on the Cedar River, Washington. Miscellaneous report. U.S. Fish and Wildlife Service, Western Washington Office, Lacey,
Washington

Moyle PB. 2002. Inland Fishes of California. Revised and expanded. University of California Press, Berkeley, CA.

Myrick CA, JJ Cech, Jr. 2004. Temperature effects on juvenile anadromous salmonids in California’s central valley: what don’t we know? Reviews in Fish Biology
and Fisheries. 14:113-123

NOAA. 2005. Endangered and threatened species; designation of critical habitat for seven evolutionarily significant units of pacific salmon and steelhead in
California; final rule. Federal Register 70(170):52488-52585. September 2, 2005

Nobriga ML, F Feyrer, RD Baxter, M Chotkowski. 2005. Fish community ecology in an altered river delta: spatial patterns in species composition, life history
strategies, and biomass. Estuaries: Vol. 28(5):776-785

Raleigh RF, T Hickman, RC Solomon, PC Nelson. 1984. Habitat suitability information: rainbow trout. Department of Interior, US Fish and Wildlife Service,
Washington DC, FWS/OBS-82/10.60.

Simenstad C, Toft J, Higgins H, Cordell J, Orr M, Williams, P, Grimaldo L, Hymanson Z, Reed D. 1999. Preliminary results from the Sacramento-San Joaquin Delta
breached levee wetland study (BREACH). Interagency Ecological Program Newsletter. 12(4) 15-21

Toft JD, CA Simenstad, JR Cordell, LF Grimaldo. 2003. The effects of introduced water hyacinth on habitat structure, invertebrate assemblages, and fish diets.
Estuaries. 26(3):746-758

United States Bureau of Reclamation [USBR]. 2004. Long-term Central Valley Project and State Water Project Operations Criteria and Plan, Biological Assessment.
Available at: http:/ /www.usbr.gov/mp/cvo/ocap/OCAP_6_30_04.pdf

United States Fish and Wildlife Service [USFWS]. 2001. Biological assessment of artificial propagation at Coleman National Fish Hatchery and Livingston Stone
National Fish Hatchery: program description and incidental take of chinook salmon and steelhead trout. Red Bluff, California

Williams JG. 2006. Central Valley Salmon: A perspective on Chinook and steelhead in the Central Valley of California. San Francisco Estuary and Watershed
Science [online serial]. Vol 4, Issue 3 (December 2006), Article 2
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Table C-7. Stressors, Stressor Effects, and Impact Mechanisms for Green Sturgeon
] . Relationships to o
Stressor Effect on Species Important Impact Mechanism Comments Citations
Other Stressors

Very Important Stressors

Upstream onlv. spawning season Also contributes | CDWR 2005,
Reduced . Artificial barriers (dams, weirs) P . Y: 5P & to reductions in | NOAA
. Reduced reproductive iy (late spring-early summer) in all . .
spawning | prohibit access to upstream cars. influences spawnine adults upstream Fisheries 2005,
habitat spawning habitat }(,Zer talin .3 P & juvenile rearing |Heublein et al
ty: habitat 2006
Corbula and Corbicula as a food iizcg;i;;i?;atrlg;igt(}; Corbula EPIC et al
Sublethal and lethal source contribute to pres & 2001, Moyle
Exposure to ) . . .. western Delta, Suisun Bay), year-
. effects, increased bioaccumulation of toxics like 2002,
toxics s . ) ) . . |round, affects subadults and non-
susceptibility to disease selenium in sturgeon tissue via . Doroshov
consumption marine adults 2006
P Certainty: 2
Widespread, year-round, affects all
Point and non-point sources non-marine lifestages Klimley 2002
Certainty: 1
Problem has increased in past few CDEFG 2002,
Illegal (for roe) and incidental | years, mostly in rivers, year-round M. Donnellan
Harvest  |Mortality harvest as part of the white mostly spawning females, pers comm.,

sturgeon recreational fishery

influences sub-adults and adults
Certainty: 2

Lt. L. Schwall
pers comm..

Moderately Important Stressors

Reduced Reduced growth rates,

Reclaiming wetlands and

Widespread in Delta, year-round,

rearing . . islands reduced in- and off- juveniles and sub-adults
habitat increased predation channel rearing habitat Certainty: 1
Channelized riprap levees
reduce in- and off-channel Widespread in Delta and

intertidal and shallow subtidal
rearing habitat, including
seasonal inundation of
floodplain habitat

upstream, year-round, juveniles
and sub-adults
Certainty: 1
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Table C-7. Stressors, Stressor Effects, and Impact Mechanisms for Green Sturgeon (continued)
] . Relationships to o
Stressor Effect on Species Important Impact Mechanism Comments Citations

Other Stressors

Moderately Important Stressors (cont.)

Increased heat-related Reduced flows from upstream . . N NOAA
. . .. . Occurs in Feather River, primarily Fisheries 2005,
Increased |physiological stress (heat- |reservoirs increase hydrologic |. . .
N . . . in spring/summer, primarily Van
water shock proteins), increased |resident time, allowing water to |. . -
s . o influences eggs and juveniles Eenennaam et
temperature |susceptibility to disease, |warm, reduced riparian -
mortality vegetation and shading Certainty: 3 al. 2005, Allen
et al 2006a,b
Only been shown for white
sturgeon but likely translates to
larval and early juvenile green Predation risk .
Unnatural . . . sturgeon, occurs upstream inand |, . Gadomski &
. Mortality Predation by non-natives . . . increases with
mortality near spawning habitat during and - Parsely 2005a
. lower turbidity
shortly after spawning season,
affects larvae and juveniles
Certainty: 3
Occurs in specific main channels,
Dredging directly entrains year-round, rearing juveniles and
sturgeon sub-adults
Certainty: 2
Only been shown for white
Upstream water management & sturgeon but likely translates to . Jassby et al
oL green sturgeon, occurs upstream in
Reduced . . channelization reduces . . . 2002,
. 1 Increased risk of predation . . and near spawning habitat during .
turbidity sediment input and shortlv after spawnine season Gadomski &
Y p & ’ Parsley 2005b

affects larvae
Certainty: 2

Other Stressors:

e  Unnatural mortality
0 Monitoring mortality
0 Stranding

Entrainment (SWP, CVP, and others)

Salinity control
Reduced food
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Individuals participating in the BDCP technical working sessions for sturgeon include:

Diane Windham and Jeff Stuart (NMFS); Scott Cantrell, Tom Schroyer, and Mike Donnellan (DFG); Zoltan Matica and Alicia Seesholtz (DWR); Rick Sitts
(Metropolitan); Campbell Ingram (TNC); Josh Israel (UC Davis); Chuck Hanson (Hanson Environmental); Pete Rawlings and Rick Wilder (SAIC).

Citations

Allen PJ, Hodge B, Werner I, Cech, Jr JJ. 2006a. Effects of ontogeny, season, and temperature on the swimming performance of juvenile green sturgeon (Acipenser
medirostris). Can.]. Fish. Aquat. Sci. 63:1360-1369

Allen PJ, Nicholl M, Cole S, Vlazny A, Cech JrJJ . 2006b. Growth of larval to juvenile green sturgeon in elevated temperature regimes. Transactions of the
American Fisheries Society . 135:89-96

California Department of Fish and Game. 2002. California Department of Fish and Game comments to NMFS regarding green sturgeon listing. 79 pages plus
appendices.

California Department of Water Resources. 2005. Bulletin 250-2002: Fish Passage Improvement.

Doroshov S. 2006. Potential environmental impacts on reproduction of green and white sturgeon. Presentation at the CALFED Science conference, October 23,
2006, Sacramento California.

Environmental Protection Information Center [EPIC], Center for Biological Diversity, Waterkeepers Northern Calfironia. 2001. Petition to list the North American
green sturgeon (Acipenser medirostris) as an endangered or threatened species under the Endangered Species Act. June 2001. 81 pp.

Gadomski DM & M] Parsley. 2005a. Laboratory studies on the vulnerability of young white sturgeon to predation. North American Journal of Fisheries
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American Fisheries Society. 134:369-374

Heublein JC, JT Kelly, AP Klimley. 2006. Spawning migration and habitat of green sturgeon, Acipenser medirostris, in the Sacramento River. Presentation at the
CALFED Science Conference, Sacramento California. October 23, 2006.

Jassby AD, JE Cloern, BE Cole. 2002. Annual primary production: Patterns and mechanisms of change in a nutrient-rich tidal ecosystem. Limnology and
Oceanography 47:698-712.

Klimley AP. 2002. Biological assessment of green sturgeon in the Sacramento-San Joaquin watershed. A proposal to the California Bay-Delta Authority. Moyle
PB. 2002. Inland Fishes of California. Revised and expanded. University of California Press, Berkeley, CA.

BDCP Options Evaluation Report App. C-37



-

o Ol

Appendix C - Stressor Importance Ranking September 17, 2007

NOAA Fisheries. 2005. Green sturgeon (Acipenser medirostris) status review update. Biological Review Team, Santa Cruz Laboratory, Southwest Fisheries Science
Center. 31 pp.
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Table C-8. Stressors, Stressor Effects, and Impact Mechanisms for White Sturgeon
. . Relationships to s
Stressor Effect on Species Important Impact Mechanism Comments Citations

Other Stressors

Very Important Stressors

Moderate spatial range, year-
round, affects subadults and
adults, angling regulations have

USFWS 1995,

Harvest  |Mortality Legal (recreational fishery) been modified to increase M. Donnellan
L pers. comm.
protection in recent years
Certainty: 3
Problem has increased in past few
years, mostly in rivers, mostly
during spawning season, .L.

Ilegal (for roe) § spawning . Lt L. Schwall
enforcement efforts have increased pers. comm.
in recent years
Certainty: 2
Upstream only, spawning season i .

Reduced . Artificial barriers (dams, weirs) p . Y, 5P 55 Matica pers
. Reduced reproductive hibit A " (late spring-early summer) in all comm., J.
spawning | s PpTONIDIL access 1o upstream years, influences spawning adults Israel
habitat spawning habitat . . :
Certainty: 3 dissertation
Corbula and Corbicula as a food | Specific to locations with Corbula
Sublethal and lethal source contribute to and Corbicula presence (e.g.,

Exposure to

. effects, increased
toxics

susceptibility to disease

bioaccumulations of toxics like
selenium in sturgeon tissue via
consumption

western Delta, Suisun Bay), year-
round, affects subadults and adults

Certainty: 2

Tashjian et al.
2006

Point and non-point sources

Widespread, year-round, affects all
lifestages

Certainty: 1

Linville 2002,
Greenfield et
al. 2005,
Doroshov
2006
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Table C-8. Stressors, Stressor Effects, and Impact Mechanisms for White Sturgeon (continued)
. . Relationships to s
Stressor Effect on Species Important Impact Mechanism Comments Citations
Other Stressors
Moderately Important Stressors
Reduced Reclaiming wetlands and Widespread in Delta, year-round,
. Reduced growth rates, . . . .
rearing  |. . islands reduced in- and off- juveniles and sub-adults
. increased predation . . )
habitat channel rearing habitat Certainty: 1
Channelized riprap levees
Feduc.e in- and off-channel ) Widespread in Delta, year-round,
intertidal and shallow subtidal |. .
) o . juveniles and sub-adults
rearing habitat, including Certaintv: 1
seasonal inundation of ertainty:
floodplain habitat
Increased heat-related Reduced flows from upstream . . S
: . o . Occurs in Feather River, primarily
Increased |physiological stress (heat- |reservoirs increase hydrologic |. . U Cech et al.
; ) . > . in spring/summer, primarily
water shock proteins), increased |resident time, allowing water to |. . . 1984, SWRI
o ) o influences eggs and juveniles
temperature |susceptibility to disease, |warm, reduced riparian Certaintv: 3 2003
mortality vegetation and shading ertainty:
Occurs upstream in and near
ing habitat duri d ion ri
Unnatural . . . Spayiing oA’ CUTng an Predanon r1.sk Gadomski &
. Mortality Predation by non-natives shortly after spawning season, increases with
mortality ff . . 1 Parsley 2005a
affects larvae and juveniles lower turbidity
Certainty: 2
Occurs in specific main channels,
Dredging directly entrains year-round, rearing juveniles and
sturgeon sub-adults
Certainty: 1
Only been shown for white
Upstream water management & sturgeon but likely translates to . Jassby et al.
L green sturgeon, occurs upstream in
Reduced ) . | channelization reduces ) . . 2002,
. 1 Increased risk of predation . . and near spawning habitat during .
turbidity sediment input . Gadomski &
and shortly after spawning season, 1
affects larvae Parsley 2005b
Certainty: 2
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Other stressors:

e  Unnatural mortality e  Entrainment (SWP, CVP, and others)
0  Monitoring mortality e  Salinity control
0 Stranding e  Reduced food

Individuals participating in the BDCP technical working sessions for sturgeon include:

Diane Windham and Jeff Stuart (NMFS); Scott Cantrell, Tom Schroyer, and Mike Donnellan (DFG); Zoltan Matica and Alicia Seesholtz (DWR); Rick Sitts
(Metropolitan); Campbell Ingram (TNC); Josh Israel (UC Davis); Chuck Hanson (Hanson Environmental); Pete Rawlings and Rick Wilder (SAIC).

Citations

Cech, Jr J], S] Mitchell, TE Wragg. 1984. Comparative growth of juvenile white sturgeon and striped bass: effects of temperature and hypoxia. Estuaries. 7:12-18
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Group, Stockton, California.

BDCP Options Evaluation Report App. C-41



Appendix C - Stressor Importance Ranking September 17, 2007
Table C-9. Stressors, Stressor Effects, and Impact Mechanisms for Sacramento Splittail
. . Relationships to s
Stressor Effect on Species Important Impact Mechanism Comments Other Stressors Citations
Highly Important Stressors
Reduced Reclaiming wetlands and Widespread throughout the rearing Movle et al
juvenile/ |Reduced growth, increased |islands reduced shallow, low |range of splittail, year-round, affects 2002; Fovrer
adult rearing | competition velocity, brackish habitat juveniles and rearing adults etal ' 208]5
habitat (splittail rearing habitat) Certainty: 3 '
Unpst . i Sommer et
) pStream Ieservolr operations |\ p 1hsited to floodplains and other al. 1997,
Reduced |Reduced reproductive reduce the frequency and flow-dependant habitat, during late 2004 Men
spawning/ |success, mortality from magnitude of high flows, winter & spring, oc curslprimaril in & M.Iatern &
larval stranding, reduced growth | reducing extent and duration |, o == ,affec ts spawnin Y 2001, Movle
rearing rate and/or survival of of floodplain inundation adults anzll larx;ae & ot al ! 2OOZ
habitat | offspring (splittail spawning/larval . : ’
rearing habitat) Certainty: 4 Feyrer et al.
2005
Moderate geographic scope, most | Importance
. significant in dry years during increases during
Rl}fra.ppeilelrees reduclel li))w spawning and early rearing season dry years when Moyle 2002,
ve %lety' shatiow wate; a l1tat (late winter/spring), affects floodplains are | Feyrer et al.
ilse lor SPaWEH;g and early spawning adults, larvae, juvenile, inaccessible (see |2005
arval rearing habitat and subadult rearing year-round previous impact
Certainty: 3 mechanism)
Can affect larvae, juveniles, and Kimmerer &
Non-native species (e.g., adults in all locations throughout | Importance Orsi 1996,
Reduced Starvation, reduced Corbula) reduce food available |the year, but mostly rearing increases during |Jassby et al.
efozfie reproduction, higher to splittail by eating/filtering |juveniles and adults in western dry years when |2002,
susceptibility to disease out organics, phytoplankton, |Delta and Suisun Bay during low | floodplains are | Kimmerer
and zooplankton. production periods. inaccessible 2002a, Moyle
Certainty: 4 et al. 2004
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Table C-9. Stressors, Stressor Effects, and Impact Mechanisms for Sacramento Splittail (continued)

Stressor Effect on Species Important Impact Mechanism Comments Relationships to Citations
Other Stressors
Highly Important Stressors (cont.)
Widespread stressor throughout

Upstream reservoir operations | geographic range, can affect larvae, Jassby et al.
dampen high flows and do not |juveniles, and adults throughout 2002, Feyrer
allow nutrients and the year, mainly in drier years, et al. 2006,
production on floodplains to | rearing juveniles and adults in Pelagic Fish

be mobilized and transported
downstream

western Delta and Suisun Bay when
flows are low and exports are high.

Certainty: 3

Action Plan
2007

Nutrients and phytoplankton

Widespread stressor throughout
geographic range, can affect larvae,

Importance

d lankt ducti juveniles, and adults throughout . duri Jassby et al.
an Zooptag boré‘r;\;g g;;on the year, rearing juveniles and ?creases u}ll‘mg 2002, Pelagic
are;xpgr le d'y ! ! h adults in western Delta and Suisun ﬂry Z{e?r? W Fish Action
and in-Delta diversions wit Bay when flows are low and floodplains are |, 50
water : inaccessible

exports are high.
Certainty: 3
IiydDroiogic ;gsiﬁieﬁce timein | o affect larvae, juveniles, and I ]2%5()S;y etal,
the q € t’fl’ W. 1€ ; ecctlsb adults throughout the year, mostly .mportancde . Xi ¢
g;SPuCtiiog\; ;re uce ‘ y rearing juveniles and adults in ?creases u}ll‘mg zé(r)r;mke)rer
an expo.rts rom western Delta and Suisun Bay ry year§ when a,’ -
the south Delta, which moves floodplains are | Pelagic Fish

water more quickly through
the Delta channels

during low production periods.
Certainty: 3

inaccessible

Action Plan
2007

Exposure to
toxics

Sublethal and lethal effects,
increased susceptibility to
disease

Toxics enter the system from a
variety of point and non-point
sources including agricultural
and urban run-off

Widespread throughout geographic
range, can be episodic and chronic,
can affect all life stages

Certainty: 3

Teh et al.
2002,
2004a,b,
2005;
Greenfield et
al. in review
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Table C-9. Stressors, Stressor Effects, and Impact Mechanisms for Sacramento Splittail (continued)

Stressor Effect on Species Important Impact Mechanism Comments Relationships to Citations
Other Stressors
Highly Important Stressors (cont.)
Corbula as a food source Specific to locations with Corbula
contribute to presence (western Delta, Suisun
bioaccumulations of toxics like | Bay), year-round, affects subadults Stewart 2000
selenium in splittail tissue via |and adults
consumption Certainty: 2
Moderately Important Stressors
Simenstad
1999, Moyle
Non-native submerged aquatic | Widespread throughout geographic 2?022 é(};Oft et
Unnatural M . vegetation provides suitable  |range, impacts larvae, juveniles, U
. ortality . . Nobriga et
predation habitat for non-native smaller adults, year-round al. 2005
predators that prey on splittail | Certainty: 3 BI:OWH :gt
Michniuk
2006
Entrainment
Reverse flows in Old and Adults affected during spawning | generally highest | Sommer et
Mortality, injury, Middle rivers entrain or guide |season (December-March), larvae |in wet years al. 1997,
SWP/CVP | . . s : . . L .
entrainment | diSPlacement if salvaged | splittail, eventually moving and juveniles affected during first | when population | Danley et al.
successfully them into the SWP and CVP | few months of life (usually Feb-May | most robust and |2002, Moyle
export facilities Certainty: 3 lowest in dry et al. 2004
years
Unknown geographic range, affects
smaller adults (15-25 cm TL), from
Harvest | Mortalit Legal fisher November through May, numbers Moyle et al.
y 8 y mbe g1 vay, 2004
of splittail harvested are unknown
Certainty: 2
Likely similar spatial and temporal
Illegal fishery (suspected) range to legal fishery
Certainty: 1
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Other stressors:
¢  Non-natural mortality
0 Non-CVP/SWP entrainment
0 Propeller entrainment by cargo vessel
0 Stranding

e  Salinity control
Individuals participating in the BDCP technical working sessions for Sacramento splittail:

Chuck Hanson (Hanson Environmental); Diane Windham (NMFS); Scott Cantrell and Dan Kratville (DFG); Victoria Poage (USFWS); Bill Harrell and Stephani
Spaar (DWR); Rick Sitts (Metropolitan); Campbell Ingram (TNC); Bruce Herbold (EPA); B] Miller; and Pete Rawlings and Rick Wilder (SAIC).
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